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SUM^/^ARY 



An lnvestig:?.tl on was made to determine the tight- 
ness, shear strength, tensile strength, and life under 
pulsating loads of hollow, hydraulically expanded 
rivets. Two types of 17S-T aluminum-alloy rivets 
of l/S-inch diameter - countersank-he ad rivets with a • 
2i).S-T aluminum-alloy insert in tlie hollow shank and 
modif ied-roundhead rivots with no insert - v/ere investi- 
gated. The test results indicate that the countersunk- 
head rivets, with inv'^erts, had an average maxim.um load 
in shear m^ore than 15O percent .greater than the average 
riaximum load for the modif ied-roundhead rivets, which 
had no Inserts. The average yield load for the 
countersunk-head rivets, however, was only slightly 
more than that for the m.odif ied-roundhead rivets. For 
m.odif ied-roundhead rivets having bores of O.OG^-inch 
or of 0.100-inoh diam.eter, there v<;as no appreciable 
difference due to bore di ammeter in either the yield 
load or the miaxlmum load in shear, or in the miaximum 
tensile load. In tension tests, both types of rivet 
tended to fail by pulling the shank end of the rivet 
through the sheet, if the hollow length of the rivet 
protruded O.II6 inch or less beyond the sheets. In 
th€; pul sating-load tests, the looseness of the rivets- 
apparently induced relativ'^:ly severe loading conditions. 
As a result, the life of the joints was very short, 
70 cycles or less. 



INTRODUCTION 



A nuinber of different types of blind rivet have 
been developed for use in aircraft. One type for 
which data have been lacking is the hydraulically ex- 
panded rivet. .An investigation was therefore conducted 
at the KACA structures research laboratory to determine 
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the tightness, shear strength, tensile strength, and 
life under pulsating loads of joints assembled with 
this type of rivet. The results of this investigation 
are presented herein. 



RIVETS AND METHOD OF RIVETING 



The rivets were furnished in two types, modified- 
roundhead and 100^ countersunk-head, as illustrated in 
figure 1. They were manufactured by drilling out solid 
rivets to the desired depth and then rolling in the edges 
of the drilled hole at the head to reduce the size of the 
opening. The depth a of the hole was 0.280 inch for 
all rivets; the diam.eter b of the hole was 0.100 inch 
for the flush rivets and for some of the modif ied-roundhead 
rivets and O.OS^ inch for the other modif ied-roundhead 
rivets. A 2liS-T aluminum- alloy insert had been pressed 
into the hole in each countersunk-head rivet before the 
edge of the hole in the head was rolled in. 

After nreoaration by heat treatment, the rivets 
were expanded in the rivet holes by use of the equipment 
shown in figure 2, Oil was injected into the cavity in 
the rivet from a chamber in the rivet -expanding gun 
(fi2>* 2(a)), which had a hollow cone-pointed tip that 
was held firmly against the doening in the rivet head. 
Gom.pressed air at relatively low pressure in a separate 
oil container^. forced the oil through a valve into the 
chamber. The valve, normally closed against the 
pres.^ure necessary to expand the rivet, .was operated by 
a button to allow the oil to enter the chamber and rivet. 
The pressure that expanded the rivet was then created by 
a piston forced into the chamber when the lever on the 
side of the gun was pressed (fig- 2(b)). The pressure 
expanded the rivet to form a bulb on the shank end and 
to fill the hole in the sheets. 



TEST SPECIMENS 



Each test specimen consisted of two sheets of 
2I4.S-T aluminum alloy riveted together by l/6-inch-diame- 
ter.hydraulically expanded rivets of 17S-T al^ominum 
alloy. Two rivets v^ere used for each shear spocimxen 
and each pulsating-load specimen and one rivet for each 
tension specimen. The three types of specimen are shown In 
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figure 5 and the dimensions are given in tables I to III. 
The height of the rivet heads above the surface of the 
sheet before expansion was varied by varying the depth 
of comtersink for the co">antersunk-head-ri ve t specimens. 
This height h^^ (fig. 1) was measured with a dial gage 
graduated in ten-thous andths of an inch, as described 
in reference 1. 

Some of the rivets in the test specimens were 
fractured during expansion, the fracture taking the form 
of a single crack in the bulb parallel to the axis of 
the rivet. 



TEST PROCEDURE 



Loads w^ere applied to both shear and tension 
specim.ens by means of a hydraulic testing machine ac- 
curate to within one-half of 1 percent. 

The shear specimens were loaded through Tem.plln 
grips. Two l8-power microscopes with filar miicrometers 
were used to measure the relative displacement, in the 
direction of loading, of the edges of the sheets opDOsite 
the center of the riveted joint. Both the displace- 
ment under load and the permanent di splacem.ent remaining 
after removal of load were m^easured for successively 
increasing loads until failure occurred. 

The tension specimens were loaded in the special 
fixtures shown in figure L.. The small rods on each of 
the fixtures pass through the holes in one of the sheets 
of the test . specimen and bear against the other sheet, 
pushing the sheets of the specimen apart. Only the 
maximum load and the type of failure were recorded for 
each tension test. 

The pulsating-load specimens were tested in the 
machine shown in figu.re 5. This machine produces on 
the specimen a pulsating load com.posed of a mean load 
equal to the w^cights h'ong from, the lower end of the 
specimen and an alternating load that results from the 
vibration of the weights forced by a vibrator. The 
alternating load is assvaned to vary harmonically in the 
case of tight joints and is determined from, the weights 
hung from the specimen and the am.plitude and frequency 
of vibration. In case the rivets do not grip the joined 
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sheets tightly, the alternating load does not vary 
harmonically and cannot be determined v;ith the 
available equipment. 

All specimens were tested at approximately the 
same frequency of vibration, 2700 cycles per iriinute. 
The mean loRd for the rnodif led-roundhead rivet specimens 
was about 1^ pounds per rivet and for the countersunk- 
head-rivet specimens about pounds per rivet. 



RESLH-.TS A>ID DISCTTSSION 



Shear tests .- The results of the shear tests are 
presented in table T. All countersunk-head-rivet speci- 
mens had load-d-. splacement curves similar to the one 
shomi in figure 6(a). These curves seem to indicate 
that the expanding operation swelled the hollov; shank of 
the rivet av.^ay from the insert, c£?using the hollov^/ shank 
to bear the load until It had deflectojci sufficiently to 
m.ake contact with the insert- Tn each case, failure 
was by shear of the rivets on a r?lane just below the top 
of the Insert. The yield load was arbitrarily selected 
as the load at which the permanent displacem.ent is U per- 
cent of the rivet diameter, 'and no variation of the yield 
load or of the maximum load was evident with variation 
of h^. (See fig. 6f c) . ) 

In the case of the modif ied-roundhead rivets, for 
which a typical load-di splacem.ent curve is shown in fig- 
ure 6(b) failure was by shear of the rivets. Failure 
was preceded by a partial collapse of the portion of the 
hollow shank inside the sheets, observed to begin at a 
load of 75 to 90 pounds per rivet. No significant 
difference due to bore diameter was noted in either thel ' 
yield load or the m.aximum load for the modif ied-roundhead 
rivets having bores of 0.08^- inch or of 0.100-inch 
diameter. 

The average m.aximujn load for the countersunk-head 
rivets with the 2IlS-T aluminum- alloy inserts was more 
than 150 percent greater than the average maximum, load 
for the modified-ro-ondhead rivets. The average yield 
load for the countersunk-head rivets, however, was onxy 
slightly raised over that for the m.odif ied-roundhead 
rivets without inserts. 
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Tension tests . - The results of the tension tests are 
presenTed in* taBTe II. Ten of the tension specimens 
failed by constriction of the bulb formed on the end of 
the shank during expansion, which allowed the rivet to 
pull through the hole in the sheet. Four specimens 
failed by tension of the hollow portion of the shank 
and two specimens failed by a combination of both types 
of failure. 

The variation of maximum tensile load with h^ 
for the countersunk-head-rivet specim.ens is shown in 
figure 7. The decrease of maximum load with increasing 
h|3 is probably due to the decrease in the protruding 
hollow length of the rivet. The data indicate that, for 
protruding hollow lengths of O.II6 inch or less, the 
bulb on the shank end of the rivet tended to pull through 
the sheet before the full tensile strength of the hollow 
portion of the rivet shank v;as developed. 

No significant difference due to the bore diameter 
was noted in the maxlm.um tensile load for the modified- 
roundhead rivets with bores of 0.085-inch or of O.lOO-incti 
diameter. 

Pul sat:ng-load test s.- The results of the pulsating- 
load tests are presented in table IIX. All soecimens 
failed by shear of the rivets before the machine had 
reached full speed. Apparently the joints were 
sufficiently loose, as indicated by the large displace- 
m^ents of similar joints under shear load, to induce 
impact or other relatively severe loading conditions. 
As a result, the life of the Joints was 70 cycles or 
less . 



CONCLUSIONS 



The following conclusions concerning the 1/8-inch- 
diameter hydrauli cally expanded rivets may be drawn 
from the results of the tests: 

Shear tests: 

(1) For two O.oCl-inch- thick sheets of 
24S-T aluminum alloy assembled with two countersunk- 
head hydraulically expanded rivets, no variation of 
yield load or maximum, load was evident with hv. 
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(2) The average maximiiin load for the 
countersunk-head rivets vdth the 2i4-S-T aluminum- alloy 
inserts was more than 1^0 percent greater than the average 
maximum load for the modif ied-roundhead rivets, ^"-hich had 
no inserts. The average yield load for the countersunk- 
head rivets was, however, only slightly greater than that 
for the modif ied-roundhead rivets. 

(5) ITo significant difference due to the bore 
diamxeter was noted in either the yield load or the 
maximum load of m.odif ied-roundhead rivets having bores 
of 0.085- or of 0.100-inch diam.eter. 

Tensi.le tests: 

•(1) The data indicate that for protruding 
hollow lengths of O.II6 inch or less, the bulb on the 
shank of the rivet tended to pull through the sheet 
before the full tensile strength of the hollow portion 
of the shank was developed* 

(2) No significant difference due to the bore 
diameter was noted in the m.aximum tensile load for 
modif ied-roundhead rivets having bores of 0.085-inch or 
of 0.100 -inch diameter. 

Pulsating- load tests: 

(1) In the pulsatlng-load tests, the looseness 
of the rivets apoarently induced relatively severe loading 
conditions c As a result, the life of the joints was very 
short, 70 cycles or less. 
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TABLE I.- DIMENSIONS AND STRENGTH OF SHH.^R SPECIMENS 

1 



Load POP rivet, lb 




At permanent di spl ^ocment of j t^,-.,^:} 



O.OiLd j 
(Yield load) | 



countersvnk-hcad rivet*, b ~ 0.100 inch 



S-1 

- 

S-fx 
S-6 

c - M 

Ave r- 



>ao8r < 



.011 


1 

1 2o 




6? 


.010 1 SI 




30 


.OOli 


1 0 




/ \ 
■^'^ - 


.000 






7 -7 


.006 




'-:-T 


6.i 


.oil 


Uo 


T? 


62 


.022 


56 


89 


.032 


35 

1 


52 


73 



62 

63 
71 

n 

81.^ 




Fod i r i ed - r-^ur dhe ad rl ve t s ; - 0 . 0 c 5 'rich 



S-10 

fi.vev- 
353 



0.0-2 
. 04 0| 



5Jf 
26 



55 
50 



61 
5U 

57.5 



"lOQ 
^'^106 



1 107.5 



i^'^odlf ied-rov.ndhead ri^-^et; b =^ 0.100 Inch 



O -L i- 


' 0.05^ 




.052 


S-i5 


.0^2 


S-1Il 


.ouo 


s-15 


.0^0 


Aver- 




age 





20 


n2 


55 


59 


12 


37 


52 


71 


35 


53 







^7 
62 



6G 

75 

60 

V f 

t>7 

71.0 



"120 
12lj. 
^101+ 

^135 
103 

ll'-T.O 



J 



One rivet fraotured in exoansron 
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TABLE II.- DI^'ENSTONS AND STRENGTH OF TEl^SILE SPECIMENS 



d. = -p; Inch; a =^ 0.28 Inch 



Specimen 


t , in. 


h.Q, in. 


Protruding 

hollow 
length, in. 


jWaximum 
load, lb 


Type of 
f sllure 


o 

3.00 countersunk-head rivet; b = 0.100 inch 


T-1 
T-2 

T-Ij. 

T-6 
T-7 

T--8 


>c.o8i ^ 


/ 
\ 


-0 .012 
-,010 
-.003 
.002 
.005 
.011 
.015 
.055 


0.130 
.128 
.121 
.116 

.115 

.107 
.103 
.083 


157 
1S2 
180 
121 
153 

lit- 


(0) 
(d) 
(d) 
(c) 
(c) 
(c) 

(0) 

(c) 


Modif ied-roundhead rivet; b = O.085 inch 


T-'v 
T-10 

T-11 


0.0^2 

.OltO 

.0L.0 




0 .126 

, 110 

. T 10 


1I5 
IIlS 
^128 


(c) 
(e) 
(e) 


Modif ied-rcundhead rivet: b = 0.100 inch 


T-12 
T-15 
T-14 

T-15 

T-16 


0.052 
.052 

.052 
.OliO 
. OJ 1 0 


1 


0.126 
.126 
.126 

.110 
.110 


^lli7 

^151 
^16 
138 
130 


id) 
(d) 
(c) 
(c) 
(c) 



^Rivet fractured in expansion. 
^Pivet incompletely expanded, 
^Siiank pulled through. 
^Tension failure of hollow shank. 

^Cornblnatlon in which shank pulled through and hollow 
oortion of shank failed in tension. 
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TABLE IIT.- DI^'ENSTONS AIID lNTTJi'''BER OF CYCLES REQUIRED 
FOR FAILURE OF PULSATI NG-LOAD SPECIMENS 



1 "I 

ci. = ~ inch; a = 0.28 inch 


Specimen 


t,^. In. j t^ , in. 


h^, in. 


copies to 


lOO'^ countersunk-heod rivet; b = 0.100 inch 


P-1 
P-2 

F-6 


t 

!> o.o6ii 

J 


0.081 


< 


-0.008 
- .006 
.00^ 

.ooL. 
.015 
I .oiH 


ho 

20 
50 
30 
70 

50 


Modif led-roundhead rivet; b = O.O85 inch 


P-7 
P-3 


0 . oiiO 


0.0 SI 

. TSl 




10 
50 


■■'odif ied-roiindbead rivet; o = 0.100 inch 


P-9 

P-10 

P-11 

P-12 

P-1^ 

P-lit 

1 


i 

0.040 

J 


0.051 






20 
20 
50 
20 
50 
20 



0.090 inch 



T 




Cros3 sections of I7S-T 
aluminum -alloy rivets 



r 

a 

1 




24 ST aluminum- 
alloy sheet 



£4ST olumintim- 
allqy insert 



100* 




Riv«ts before expansion V^^^^^^^^)fW^y 



£^Positive hb 



I I 

T — r 



I I 
I ip 



Rivets after expansion 











1 j 





(a) Modified- roundhead rivets. (b) Countersunk- head rivets, 

Figure I. — Riveting procedure. 
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(a) Shear specimen 
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(b) Tension specimen 



Figure 3.-1^31 specimens. 
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(c) Pulsating- load specimen 




Figure 4. ^ Fixtures and specimen for 
rivet tension tests. 




Figure 5.7 Fulsating-lo ad. ina chine. 
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gure T.~ Variation of maximum tensile load with hj^ ; t = 0.081 



